White Pekin ducklings were inoculated orally with duck plague virus. Tissues from the digestive tract were collected daily after inoculation and examined by light, electron and fluorescent microscopy. There were necrosis and degeneration of stratified squamous epithelium of the esophagus and cloaca, epithelium of intestinal crypt and esophageal submucosal glands, macrophages in the lamina propria, and submucosal fibrocytes and lymphocytes. Submucosal hemorrhages occurred after degeneration and necrosis of lymphocytes, macrophages, fibrocytes and epithelial cells. Viral antigens were detected in all these cells by use of fluorescein-labeled antibodies. With the electron microscope, nucleocapsids were seen in the nuclei, budding through the inner nuclear membrane; enveloped virions were present in cytoplasmic vacuoles of macrophages, epithelial cells and fibrocytes. In lymphocytes, nucleocapsids were also in the nuclei, but karyorrhexis and cytolysis occurred before viral maturation was completed.
Duck plague (duck virus enteritis) is a peracute contagious disease of ducks, geese and swans characterized by diffuse inflammation of the digestive tract with scattered submucosal hemorrhages. The causal herpes virus [2] is responsible for intranuclear inclusions in epithelial, reticuloendothelial and visceral parenchymal cells. Duck plague occurs sporadically, and is influenced by age, species of bird, strain of virus and sex [6, 8, 10, 11, [14] [15] [16] [17] .
In January 1973, the first major epornitic of duck plague among freeflying waterfowl in the United States occurred at Lake Andes, s. Dak., and killed 42% of 100 000 mallards and 3 % of 9000 Canada geese wintering on the lake [7] . This diagnosis changed the status of the disease from one considered primarily exotic to the United States to one that is endemic in wild waterfowl.
The digestive tract of ducks was examined by light, fluorescent and electron microscopy to determine the effect of duck plague virus (Lake Andes isolate). The sites of early infection, the progressive development of lesions within anatomical units of the alimentary tract, and cytopathic changes in infected cells were studied.
Materials and Methods
The virus was isolated from a mallard duck that died in the 1973 epornitic a t Lake Andes, S. Dak. After three passages in primary duck embryo fibroblasts, an inoculum containing 10' duck embryo median lethal doses (DELD,,) per milliliter was prepared as described previously [7] .
Fertile white Pekin duck eggs from a plague-free flock were hatched in the laboratory. Forty ducklings were placed in an isolation room and fed a commercial diet until they were 6 weeks old. Fifteen ducklings then were placed in a separate isolation room, and the remaining ducklings were given 10' DELD,, of virus orally.
Three infected and two control ducklings were killed and necropsied daily. Necropsies also were conducted on ducklings that died. Tissue samples were collected from the esophagus (one near the center and one at the esophageal-proventricular junction), proventriculus, ventriculus, duodenum, jejunum (one from an annular band and one anterior to Meckel's diverticulum), ileum (one from an annular band and one from the distal part), ceca, rectum and cloaca. Each sample was quickly divided into three parts. Each part was preserved by: fixation in 2.5% glutaraldehyde, fixation in 10% neutral buffered formalin, or freezing in 2% methyl cellulose. Formalin-fixed specimens were processed by routine paraffin-embedding techniques, and sections were stained with hematoxylin and eosin (HE). Tissues in glutaraldehyde were fixed for 2 h, rinsed in cacodylate buffer overnight, treated with 1 YO OsO, for 2 h, rinsed again in buffer, dehydrated in graded alcohol and embedded in epoxy resin. Ultrathin sections were cut with a diamond knife on an 'LKB Ultrotome', stained with lead citrate and uranyl acetate and examined with a Philips-200 electron microscope.
Hyperimmune y-globulin against the virus was prepared in a mature sheep and conjugated with fluorescein isothiocyanate [7] . Two frozen sections, 10 pm thick, were cut in a cryostat from each tissue in 2% methyl cellulose. One section was stained with fluorescein-labeled anti-duck plague virus conjugate, examined with a fluorescent microscope and designated fluorescent-antibody-stained tissue section. The other section was used to determine the specificity of the conjugate [IZ].
Results
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glands and intestinal goblet cells were dilated. An occasional esophageal mucosal cell was found with viral antigen in the nucleus and cytoplasm by fluorescence, but no lesions were detected by light or electron microscopy.
Day 3. Grossly, catarrhal cloacitis and esophagitis were apparent. Microscopically, in addition to the excess mucus, scattered foci of hydropic degeneration were in epithelial cells of the stratum spinosum. A few of these cells contained intranuclear inclusion bodies. Ultrastructurally, these cells had cytoplasmic vacuoles with and without enveloped virions and swollen mitochondria with broken cristae. Clumped and marginated chromatin, centrally located fine granular material, and nucleocapsids (table I) simulated the inclusion bodies seen histologically ( fig. 1 ). Some nucleocapsids were budded through the inner nuclear membrane into the irregularly dilated perinuclear cisternae. Submucosal lymphoid nodules were depleted of mature lymphocytes, and there was an increased number of heterophils scattered among the at the esophageal-proventricular junction were covered by diphtheritic fibrinous plaques. A few small vesicles were scattered throughout the esophageal and cloaca1 mucosa. Ultrastructurally, plasma membranes of infected cells were broken. Nuclear debris, enveloped virions and cytoplasmic organelles were scattered throughout mucosal vesicles ( fig. 3) . Marginated chromatin, intranuclear nucleocapsids, nucleocapsids present on the inner nuclear membrane, segmental reduplication of the inner nuclear membrane, swollen mitochondria with broken cristae, cytoplasmic vacuoles (some contained enveloped virions), dilated endoplasmic reticulum and perinuclear cisternae, karyorrhexis and cytolysis occurred in mucosal epithelium and adjacent submucosal fibrocytes ( fig. 4 ). Viral antigens were present in fibrocytes, macrophages, lymphocytes and epithelial cells, but not in endothelial cells (table I) .
Esophageal submucosal glands had a pseudostratified appearance because nuclei were no longer located basally. Nuclei contained inclusion bodies, and the cytoplasm stained irregularly. Ultrastructural changes in the glandular cells were similar to those described above ( fig. 5 ). Mucosal epithelial cells and adjacent fibrocytes, macrophages and lymphocytes in the submucosa were necrotic in sections of the esophagus and cloaca covered grossly by a pseudomembrane. Submucosal edema elevated overlying mucosa. Changes in submucosal lymphocytes were similar to those in the intestine and will be described later.
Intestine
Day 2. Catarrhal enteritis was present microscopically. Day 3. Catarrhal enteritis was visible grossly. Microscopically, lymphoid depletion was evident in Meckel's diverticulum, small intestinal annular bands and scattered submucosal lymphoid nodules. Viral antigens were detected in the cytoplasm and nuclei of these lymphocytes. An occasional necrotic lymphocyte and others with swollen mitochondria and dilated perinuclear cisternae were found.
Cellular necrosis and edema were in the villous lamina propria. Viral antigens were detected in fibrocytes and macrophages of the villous lamina propria and crypt epithelium (table I) . Ultrastructurally, phagolysosomes were in these macrophages, and their nuclei were karyolytic with marginated chromatin. Days 4 and 5. A diffuse catarrhal enteritis was present. Annular bands were hemorrhagic and visible on both the serosal and mucosal surfaces. O n the mucosal surface, they were covered by a diphtheritic membrane. When this was removed, a hemorrhagic ulcer was exposed. Meckel's diverticulum was hemorrhagic, and a fibrinous plug was in the lumen. Numerous submucosal petechiae covered by fibrinous plaques were scattered throughout the small and large intestines. A diphtheritic membrane covered the anterior part of the cloaca.
Microscopically, diffuse necrosis of lymphocytes had occurred in the annular bands, Meckel's diverticulum and in the area of submucosal petechiae between annular bands. Hemorrhage obscured the lymphocytic detritus, and edema elevated the overlying mucosa, which was covered by fibrin. Electron microscopically, clumped chromatin, irregular dilation of the perinuclear cisternae, vacuolation of mitochondria, cytolysis and karyorrhexis were seen in intestinal submucosal lymphocytes. Nucleocapsids were found in the nuclei of 976 of these degenerate lymphocytes counted in five sections of annular bands ( fig. 6) . Five of these lymphocytes also had nucleocapsids in the cytoplasm around dense granules. Enveloped virions were seen in only one lymphocyte. Most of the lymphocytes contained viral antigens in the cytoplasm and nucleus. Submucosal heterophils and macrophages contained nucleocapsids in the nuclei and enveloped virion in the cytoplasm (table I) . Cytoplasmic and mitochondria1 vacuolation, irregular dilation of endoplasmic reticulum, clumped and marginated chromatin, and cytolysis also were seen in macrophages and heterophils ( fig. 7) .
Diffuse necrosis of cells in the villous lamina propria was evident with the cuboidal to squamous ( fig. 9 ). Large amounts of viral antigen were detected in cytoplasm and nuclei of crypt epithelial cells. Ultrastructurally, nucleocapsids were in the nuclei and budded through the inner nuclear membrane and enveloped virions were in cytoplasmic vacuoles ( fig. 10 ). Mitochondria were vacuolated with broken cristae, and vacuoles were in the cytoplasm. Irregular dilation of perinuclear cisternae and karyorrhexis were evident in many crypt cells.
Thrombosed vessels were not found in the lamina propria, and viral antigens were not detected in vascular endothelium. Ultrastructurally, macrophages were seen between endothelial junctions and most endothelial cells in the lamina propria and submucosa were swollen. An occasional endothelial cell had clumped and marginated chromatin and a cytoplasmic vacuole, but necrosis of endothelium was not found.
Discussion
Duck plague virus isolated from Lake Andes has an affinity for reticuloendothelial tissue similar to the affinity of other herpesvirus-induced avian diseases, owl hepatosplenitis virus [3,4, 181, and inclusion body disease virus of falcons [9] . Lesions found in the liver, spleen, bone marrow and alimentary tract of the latter two diseases were grossly similar to those in duck plague. Intestinal lesions of inclusion body disease of falcons were caused by necrosis of intestinal lymphoid tissue [9] . Necrosis of submucosal lymphoid nodules and annular bands in ducks infected with duck plague virus produced a similar fibrinonecrotic hemorrhagic intestinal lesion. Viral destruction of vascular endothelium occurs in several systemic viral diseases. Intranuclear inclusion bodies in vascular endothelium of infected ducks may or may not be found [6, 171. Viral antigens or virions were not found in intestinal vascular endothelium, nor were intestinal hemorrhages attributed to viral destruction of endothelium.
Small foci of hydropic degeneration in the stratified squamous mucosa were the initial lesions observed in ducks. Subsequently, lesions occurred in intestinal crypt epithelium, intestinal villous lamina propria, submucosal lymphoid tissue, fibrocytes and niacrophages. Epithelial cells in the crypt (which have a rapid mitotic rate) contained virions and large amounts of viral antigens. Degeneration and sloughing of these cells occurred after viral replication. This affinity for undifferentiated epithelium and the crypt lesions observed were similar to those in feline panleukopenia [5, 131. 
